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(57) ABSTRACT

A nozzle arrangement for a gas turbine engine includes an
engine nozzle and an ejector nozzle arranged axially down-
stream thereof. A gap S 1s formed between the outlet of the
engine nozzle and the inlet of the ejector nozzle, and a flange
which reduces the gap S 1s arranged at the outlet of the engine
nozzle.

10 Claims, 1 Drawing Sheet
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NOZZLE ARRANGEMENT FOR A GAS
TURBINE ENGINE

BACKGROUND AND SUMMARY OF TH
INVENTION

L1

This application claims the prionity of German patent
document number 10 2007 036 527.8-13, filed Aug. 2, 2007,
the disclosure of which 1s expressly incorporated by reference
herein.

The mvention relates to a nozzle arrangement for a gas
turbine engine.

During the operation of gas turbine engines, particularly in
aircraft, exhaust gases which flow out through the nozzles of
the engines are directed through an ejector, for the purposes of
noise reduction, infrared blocking and engine compartment
exhaust, for example. In the conventional design of nozzle
and ejector, acrodynamic vibrations are excited when the
airtlows merge, resulting in high noise pollution.

To reduce noise 1n jet engines, the conventional procedure
has been to mix the ambient airflow with the jet engine flow 1n
order to reduce 1its velocity and the associated noises (U.S.
Pat. No. 3,710,890). To achieve a great noise reduction, large
ejector inlets with pronounced secondary airflows have been
used, resulting 1n an unacceptable loss of thrust at cruising
speeds.

In a known noise reducing nozzle for an aircraft gas turbine
engine disclosed in German patent document DE 41 14 319
Al, an ejector nozzle receives the exhaust gases from an
outlet of a core engine of the aircraft gas turbine engine. A gap
1s formed between the outlet of the engine nozzle and the inlet
ol the ejector nozzle, and ambient air flows 1n through the gap
and mixes with the accelerated exhaust gases of the engine.
For further noise reduction, during take-oif of an aircraft, a
plurality of mutually spaced, retractable channel flaps, which
are arranged on the ejector nozzle, are deployed 1nto its inner
region through which the exhaust gases are directed. The
channel flaps thereby reduce the cross-section of the ejector
nozzle.

A disadvantage of this arrangement 1s that moving parts are
required 1n order to achieve the noise reduction. Such parts
are extremely susceptible to damage under the high thermal
loading by the exhaust gases.

A further noise reducing nozzle and ejector arrangement 1s

disclosed 1n German patent document DE 694 06 370 T2. In
this arrangement, an attempt 1s made to achieve the noise
reduction by specifically influencing the exhaust gas flow on
entry 1nto the ejector.

One object of the present invention 1s to provide a noise
reducing ejector nozzle arrangement which prevents the exci-
tation of aerodynamic vibrations, and thus greatly reduces the
noise and vibrations.

This and other objects and advantages are achieved by the
nozzle arrangement according to the invention, 1n which an
ejector nozzle 1s arranged axially downstream from the
engine nozzle. A gap 1s formed between the outlet of the
engine nozzle and the inlet of the ejector nozzle, with a flange
which reduces the width of the gap being arranged at the
outlet of the engine nozzle.

Other objects, advantages and novel features of the present
invention will become apparent from the following detailed
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description of the mnvention when considered in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The single FIGURE shows a schematic illustration of an
engine nozzle and an ejector (mixing chamber) arranged
downstream thereol according to the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

As shown 1n the FIGURE, a gap S 1s formed between the
engine nozzle TD and the ejector ED. This gap S, which 1s
essentially annular, 1s reduced according to the invention by a
flange F fastened to the outlet of the engine nozzle TD. The
width of the flange F 1s 1n this case expediently 20-50% of the

gap .

The flange F, which 1s expediently annular, prevents the
excitation of aecrodynamic vibrations 1n the ejector nozzle by
the contluence of the ambient air through the annular gap S
and the exhaust gas from the engine nozzle TD.

Such suppression of the excitation of aecrodynamic vibra-
tions 1n the ejector nozzle ED can expediently be intensified
by providing that the inflow of the ambient air through the gap
S 1nto the ejector nozzle takes place as far as possible parallel
to the intflow of the exhaust gas from the engine nozzle TD
into the ejector nozzle ED. For this purpose, according to one
embodiment of the invention, the engine nozzle TD has a
conical outlet region 1 and the ejector nozzle has a conical
inlet region 2, with the cone of the outlet region 1 of the engine
nozzle TD corresponding to the cone of the 1nlet region 2 of
the ejector nozzle ED. In other words, the converging section
2 of the ¢jector nozzle ED has the same taper angle (expedi-
ently between)10-20° as the converging section 1 of the
engine nozzle TD.

The exhaust gas from the engine nozzle 1s thus blown 1nto
the converging part 2 of the ejector nozzle.

In a further advantageous configuration of the 1nvention,
the outlet of the engine nozzle 1s situated downstream behind
the inlet of the ejector nozzle. As a result, the intlow of the
ambient air through the gap S into the region for the mixing of
the ambient air with the exhaust gas inside the ejector nozzle
1s improved.

For further reduction of the noise, the inner surface of the
ejector nozzle 1s lined with sound-absorbing material.

In a further embodiment of the invention, the outlet region
ol the ejector nozzle has a diverging course, with the through-
flow cross-section A.,, of the outlet region of the ejector
nozzle ED being greater than the throughtlow cross-section
M, of the central region.

The nozzle arrangement according to the mmvention, can
reduce the noise level of a conventional ejector arrangement
by up to 30 dB, which corresponds to a reduction of the sound
pressure to about Yiooo of the original value without employ-
ing the measures according to the invention.

In addition, the ejector wall temperature 1s lowered by the
invention, thereby reducing the infrared signature of the
engine exhaust gas region.

The invention can be used 1n exhaust gas ejectors of turbo-
prop engines (€.g., 1n the A400M), or 1n ejectors on auxiliary
gas turbines (e.g., in the Eurofighter) or in ejector nozzles of
unmanned aircrafit.

The foregoing disclosure has been set forth merely to 1llus-
trate the invention and 1s not intended to be limiting. Since
modifications of the disclosed embodiments incorporating
the spirit and substance of the invention may occur to persons
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skilled 1n the art, the invention should be construed to include
everything within the scope of the appended claims and
equivalents thereof.

What 1s claimed 1s:

1. A nozzle arrangement for a gas turbine engine, said
nozzle arrangement comprising:

an engine nozzle;

an ejector nozzle arranged to recerve a downstream gas
tlow that exits the engine nozzle;

a gap formed between an outlet of the engine nozzle and an
inlet of the ejector nozzle; and

a flange which reduces the gap, and 1s arranged at a down-
stream extremity of the engine nozzle, around a periph-
ery of an opening of said outlet of the engine nozzle, and
extends radially outward therefrom, wherein the flange
1s arranged 1n an 1nlet region of the ejector nozzle.

2. The nozzle arrangement according to claim 1, wherein:

the engine nozzle has a conical outlet region;
the 1nlet region of the ejector nozzle 1s conical; and

a conical course of an outlet region of the engine nozzle
corresponds to a conical course of the ilet region of the
¢jector nozzle.

3. The nozzle arrangement according to claim 1, wherein
an mner surface of the ejector nozzle 1s lined with a sound-
absorbing materal.

4. The nozzle arrangement according to claim 1, wherein:

the outlet region of the ejector nozzle has a conical course;

a throughtlow cross-section of an outlet region of the ejec-
tor nozzle 1s greater than a throughtlow cross-section of
a central region of the ejector nozzle.

5. An exhaust arrangement for a gas turbine engine, said

exhaust arrangement comprising:

an engine nozzle having a frustoconical shaped outlet
region that decreases in cross sectional area 1n a direc-
tion of gas tlow;

an ejector nozzle that 1s disposed to receive a downstream
gas tlow that exits said engine nozzle, and has an inlet
with a frustoconical shape that corresponds substan-
tially to a shape of the engine nozzle;

a radially extending annular gap formed between an outlet
of the engine nozzle and said inlet of the ejector nozzle;
and

an annular flange formed on a downstream extremity of the
engine nozzle and extending radially outward therefrom
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into the radially extending annular gap so as to reduce a
cross sectional area of said radially extending annular
gap wherein the annular tlange 1s arranged 1n a region of
the 1nlet of the ejector nozzle.

6. The exhaust arrangement according to claim 5, wherein
said outlet of said engine nozzle 1s situated downstream of
said 1nlet of said ejector nozzle.

7. The exhaust arrangement according to claim 5, wherein:

the flange includes a first end terminating at the down-

stream extremity of the engine nozzle and an opposing,
second end terminating in the gap;

the flange linearly extends between the first end and the

opposing second end; and the opposing second end of
the tlange faces an interior portion of the ejector closest
to the second end.

8. The exhaust arrangement according to claim 7, wherein
a side of the flange facing an outlet of the ejector nozzle 1s
parallel to the outlet of the ejector nozzle.

9. A nozzle arrangement for a gas turbine engine, said
nozzle arrangement comprising:

an engine nozzle;

an ejector nozzle arranged to recerve a downstream gas

flow that exits the engine nozzle;

a gap formed between an outlet of the engine nozzle and an

inlet of the ejector nozzle; and

a flange which reduces the gap, and 1s arranged at a down-

stream extremity of the engine nozzle, around a periph-

ery ol an opening of said outlet, and extends radially

outward therefrom, wherein the flange 1s arranged 1n an

inlet region of the ejector nozzle, wherein

the flange includes a first end terminating at the down-
stream extremity of the engine nozzle and an oppos-

ing second end terminating 1n the gap;
the tlange linearly extends between the first end and the

opposing second end; and
the opposing second end of the flange faces an interior

portion of the gjector closest to the opposing second
end.
10. The nozzle arrangement according to claim 9, wherein
a side of the flange facing an outlet of the ejector nozzle 1s
parallel to the outlet of the ejector nozzle.
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